Ten experiments were carried out during the period 1961-69. In each experiment a pair of genetically different groups of carp was tested simultaneously for differences in growth rate in mixed ponds as well as in separate ponds. The aim of the experiments was to estimate the genetic correlation of relative growth rate under inter-group competition in mixed ponds and in the absence of intergroup competition in separate ponds. The estimate of the genetic correlation coefficient was found to be 1.0, and that of the regression coefficient of growth rate in mixed ponds on growth rate in separate ponds was 20. The intergroup genetic variance in mixed ponds was four times higher than that of the variance in separate ponds. The higher variance in mixed ponds was partitioned into a component dependent on growth rate in separate ponds and a second independent component. The high genetic correlation means that the dependent component could account for all the amplification of the variance in the mixed ponds and that, apparently, in carp there are no specific genetic factors affecting growth rate under competition. The practical implications of this result for carp breeding is that selection for the improvement of yield capacity can be performed more effectively in mixed ponds than in separate ponds. A theoretical model for analysis of competition is presented and discussed.
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INTRODUCTION
IN selection programmes of fish aimed at improving yield capacity the units under selection (individuals or groups of fish) may be grown in separate ponds (or other containers), i.e. in the absence of competition between the units of selection. The major advantage of this method is that yield capacity is measured directly. Its disadvantages are the need for a large number of ponds (containers) to overcome the confounding of genetic variation with environmental differences between containers. Because of these drawbacks, selection is usually performed on individuals or groups grown within the same pond (mixed ponds). Here the fish are subjected to mutual competitive interactions, therefore yield capacity cannot be measured directly and the measured and selected character is relative growth rate in mixed stocking. Since the breeders' interest is in yield capacity, evaluation of results obtained from mixed ponds requires an estimate of the genetic correlation of growth rate in the presence and absence of competition. The critical importance of this association has been pointed out (Schaeperclaus, 1958; Kirpichnikov, 1966) , but no attempt has been made to estimate it in the past.
If competitive ability is unrelated or negatively correlated with yield capacity, growth rate under competition may be a poor measure of yield capacity. But if competitive ability is positively correlated with yield 182 RUM MOAV AND G. W. WOHLFARTH capacity, genetic differences in yield capacity will be magn,fIed in mixed stocking. In the latter case relative growth rate in mixed stocking may be a better measure of yield capacity than growth rate in separate ponds.
The relationship of competitive ability to selection for higher yields in cultivated plants, particularly cereals, has been a subject of numerous investigations (Sakai, 1955; Donald, 1963; McGilchrist and Trenbath, 1971; Norrington-Davies, 1972; and others) . Sammeta and Levins (1970) reviewed an extensive list of reports on competition in plants and animals and concluded: ". . . The relation between competitive ability and other fitness components may be different in different organisms and competitive situations. So it is important not to assume a priori that productivity and competitive ability are positively correlated." In order to estimate the correlation between growth rate in separate and in mixed ponds in carp a series of 10 experiments was carried out during the period 1961-69. In each experiment two genetically different groups of carp were tested simultanous1y in mixed and separate ponds. A high genetic correlation and a strong magnification of inter-group differences in mixed ponds were found. These experiments, their analysis and interpretation are described in the present paper.
THE GENETIC STOCKS
The common carp (Cyprinus carpio L.) has been cultivated in ponds in China since at least the fifth century B.C. In the Middle Ages it was introduced to Europe for use as a cultivated fish (Hickling, 1968) . Carp cultivation in ponds in Israel was initiated in 1939 through a number of introductions, mainly from Europe (Tal and Shelubsky, 1952; Yashouv, 1955;  L Laggards, the smallest individuals selected from a spawn. In all cases other than FS, several females and several males participated in the spawn. Moav et al., 1964) . The carp population of Israel, including all the groups tested in this series of experiments, is thus mostly of European descent.
The intra-group relations of the tested groups, i.e. full-sibs, inbreds and outbreds, are listed in table 1. The two groups of carp tested in eight of the ten experiments were chosen from the 15 to 25 groups of carp tested annually in our research programme (Wohlfarth et at., 1965; Moav and Wohlfarth, 1966) . A deliberate non-random choice of dissimilar groups ensured the presence of genetic differences between the two groups tested in each experiment. Experiments 4 and 5 differed from the other eight experiments since here the two tested groups consisted of the largest and smallest individuals selected from the same spawn. Thus, in these two experiments, the expected difference between the two groups was not only of genetic origin but also of environmental origin of the so-called developmental type.
EXPERIMENTAL METHODS
All the tests were carried out in earthen ponds. In experiments 1 to 5, both separate and mixed ponds were small experimental ponds of 400 or 1000 m2 at the Fish Aquaculture Research Station, Dor. The same ponds also served as the separate ponds in experiments 6-10, but the mixed ponds in these experiments were much larger (5000 to 30,000 m2) and were located at the fish farms of the Carp Breeders Union (Wohlfarth et al., 1965) . Since in mixed ponds there is no confounding of pond differences with genetic differences between the groups, each mixed pond could be located at a different farm. The use of larger ponds enabled larger samples of fish to be tested. In addition to the pairs of groups relevant to the present study, the large mixed ponds in experiments 6 to 10 were stocked with other groups of fish. These are considered in the context of the present study as a part of the external environment. Details of the mixed ponds of the experiment carried out in 1964 are given by Wohlfarth et al. (1965) .
Spawning was carried out in late April, each group in a different pond. As a rule, the fish spawned within 12 hours of being introduced into the spawning pond, and the eggs hatched within three to four days. A few weeks after spawning, fry were transferred from the spawning ponds to the nursery ponds, where they grew to a mean weight of 20 to 50 g. The nursed fingerlings were marked by branding (Moav et al., 1960) and stocked into the experimental ponds in June to August. Experiments 1 and 2 differed from the remaining experiments in that they were initiated in February and March, respectively, and were stocked with fish spawned during the previous year.
These fish differed from those of other experiments in their age, sexual maturity and higher initial weights. The tests lasted from 70 to 140 days. At the termination of each test, the ponds were drained and all the fish removed, sorted, counted and weighed.
CORRECTIONS FOR ABSOLUTE MEAN WEIGHTS, INITIAL WEIGHTS AND FINAL POND DENSITY (i) Absolute mean weight
The final mean weights of the tested groups varied considerably between experiments and even between different mixed ponds of the same experiment.
This variation was largely due to environmental factors such as number of fish per unit area, pond fertility, management, etc. Since the standarddeviation of weight in carp is approximately proportional to the mean weight, an adjustment to a computed mean weight of 500 g served to reduce the variation between standard-deviations of the different experiments. The factor 500 g was chosen for the correction because it is a round number close to the mean of all the ten experiments and to the mean of the market weight of carp in Israel. The correction was made by multiplying the difference in weight gains between the two tested groups, (d), by the factor (500/W.). In separate ponds W. was the mean weight of the two tested groups over all the separate ponds of a given experiment. The large weight differences between different mixed ponds even of the same experiment (especially in experiments 6-10) required an individual adjustment for each mixed pond. Thus for a given mixed pond, W. was the mean weight of the two tested progenies in that pond.
(ii) Initial weight Considerable variation in mean initial weight occurred between the two groups tested in each experiment. This was a result of lack of complete control over environmental conditions in the nursery ponds. Since weight gain in fish is positively correlated with initial weight, groups stocked at higher initial weights (due to chance favourable conditions in nursery ponds)
tend to grow faster than those stocked at lower initial weights. In order to remove this bias the observed weight gains were corrected as follows (Wohlfarth and Moav, 1972 b is a decreasing function of initial weight and an increasing function of weight gain. Therefore it requires empirical estimation for different experiments (Wohlfarth, 1971; Wohlfarth and Moav, 1971) . In the mixed ponds of the present experiments b varied between 2 to 5. In separate ponds the value of b is considerably lower than in mixed ponds, and therefore no correction was applied. The higher value of b in mixed ponds is due to competitive interactions between the mixed groups which magnify differences, resulting from variation in initial weights (Wohlfarth, 1971) .
The separate ponds within each experiment were of equal size, stocked with equal number of fish and treated similarly. Nevertheless, during the test period unequal mortality created some differences in fish number.
Since weight gain is a decreasing function of density (number of fish per unit area) (Hepher, 1967) , the average weight gain per fish tended to be higher in ponds with higher mortality. This distortion was corrected by multiplying the average weight gain of each pond by the factor (n/n.), when n is the final number of fish in a given pond and n. is the average of all the ponds of a given experiment. This adjustment makes the assumption that yield is independent of fish density, i.e. a complete compensation of mean growth per fish for differences in density. This seems a reasonable assumption when relative mortality is low and varies little between ponds.
MODELS
We shall treat the tested groups of fish as a sample drawn from a population of average genotypes grown under two sets of environmental circumstances, separate ponds and mixed ponds, defined respectively Environment one (E1) and Environment two (E2). The genetic value of growth rate in E1 is designated g1 (measured as a deviation from the population mean), and its variance The variable g1 may be considered as a measure of the relative eficiency of exploiting external resources in the absence of competition with other groups of carp and is referred to as yield capacity. The genetic value of growth rate in E2 designated (g2), and again measured as a deviation from the population mean in E2, may be presented as a linear function of three components: g1, competitive ability which is dependent on g1 (ccg1), and competitive ability which is independent of g1 (I), g2 =g1+ccg1+I=(1+cc)g1+I.
( 1) oc is the amplification factor measuring the average proportion of genetic changes in E2 due to competition which is fully predictable by growth capacity in E1. On the other hand, I is unrelated to efficiency of exploiting external resources. For distinction between the two genetic components of competition ocg1 and I, the latter will be referred to as the genetic component of independent aggressiveness.
The genetic parameters of interest, derived from the model defined by equation 1, may now be presented.
The genetic variance in Environment 2, = (1+)2+o.
(2)
The difference in genetic variances of E1 and E2
(°2-°1) = c(2+c)r1+cr. The coefficient of genetic correlation of g2 and g1,
Note than when a = 0 then /3, = 1.
The fundamental biological difference between the two genetic parameters I and cc (or ccg1) is shown by their different contributions to the above regression and correlation coefficients. Both cc and I increase the genetic variability in E2 over that in E1, and both result from inter-genotype competition. However, cc does not change the rankings of the different genotypes (groups) while I, which may be controlled by a different set of genes than g1, reduces the correlation between growth rates of the two environments.
Conventionally the present problem is handled by a different model than that defined in equation 1. The conventional linear model partitions the jth genotype of the ith environment into the following three components:
the environmental effect (a1), the average genetic effect (g1) and the genotypeenvironment interactions (ga15), = a1+g+ga13 (7) (note that a1 is absent from equation 2 because g2 was defined as a deviation from the mean of environment 2 rather than from the general mean). SS/2-M2 i = 1 and i = 2 represent, respectively, separate and mixed stockings and j = 1, 2, ..., J the tested groups (genotypes). The interaction ga15 can be divided into two components, one a linear function of the average genotype (yg1) and the second independent of g1, (I'). That is: ga = (8) and by substitution into equation 7, g1 = = a+(1+y)g+I. (9) This equation has the advantage that it can be applied to more than two stocking conditions (environments), and when only two stocking conditions are involved, as in the present case, it can be simplified as follows:
or, generally,
When i = 2 the coefficient in front of g5 is (1 + y) and it equals the regression coefficient of mixed stocking (i =2) on the average genotype (over mixed and separate stocking). Similarly, (1 -y) is the regression coefficient of separate stocking on the average genotype. The coefficient (-1)' obviates the need of an absolute value which was used in similar circumstances (e.g.
Bucio Alanis, 1966).
y and I' of equations 9 and 10 are equivalent, respectively, to oc and I of equation 2, and their functional relationships are given by the following two equations, 'y=---and
Bucio Alanis (1966) partitioned the genotype-environment interaction term into a linear function of the environmental deviation (fla) and a residual independent component (8). This concept was further elaborated in a series of reports (e.g. Perkins and Jinks, 1968; Freeman and Perkins, 1971) . Their model, corresponding to equation 9, can be presented (in the present notations) as = (12) In all these reports the writers were primarily interested in expressing genotype-environment interactions as functions of the environment (a). This, in contrast with the present study where the interaction is expressed as a function of the genotype (g5). The difference is due to the fact that here interest is centred exclusively on the correlation of performance in the absence and the presence of inter-genotype competition. The environmental deviation a represents different states of intra-specific competition rather than variation in physical attributes. Furthermore, for the present problem there is no need to estimate a, and it even may be assumed to be zero (for this reason it has been omitted from equation 1). The interaction term measures the specific effects of competition on the individual genotype and therefore it is best presented as a function of the genotype (g5) rather than the environment (at).
The regression coefficient /3 of equation 12 may be due to two causes, differing widely in their biological significance. The first cause is a scale effect produced by the well-known phenomenon of positive correlation between the intra-environment variation and the environment's mean. This factor cannot be considered a true genetic interaction in the sense of specific p+ (1+J3+sgj)a1+ (1+y5)g1 ,
adaptation (sensitivity) to varying environments. The second cause is sensitivity or responsiveness to an underlaying environmental variable which cannot be expressed as a scale function. The distinction between these two causes was described by Robertson (1959) and further elaborated with examples and implications to animal breeding by Dickerson (1962) . In order to separate the effects of the above two causes the regression term of equation 12 may be broken as follows:
= sga+f3a. The last equation represents a complete partitioning of the genotypeenvironment interaction where each one of the four components (y1g5, sg1a1 and I) has a distinct biological significance, each may be (at least partially) under different genetic control, and each has different implications to selection and breeding. Freeman and Perkins (1971) showed that when the environment is measured independently of the data used for estimating the regression coefficient f3 (of equation 12 or /3 plus sg of equation 14) then / the mean of all the 8/s, is not necessarily equal to one. Consequently, equation 14 may assume an even more generalised form by substituting (+)a1 for (1 + j3) a. A graphical illustration of equation 14 is presented in fig. 1 when g11 and its components were expressed as functions of the environment ( + a1, when is the general mean). For the illustration a hypothetical specific genotype gj was broken down at the arbitrarily chosen environment a. The various hypothetical regression lines were drawn and the accumulation of the components from jL to the full g15 + ji are shown along the vertical axis. The wavy curve presents the actual ("true ") functional relationship of the specific genotype g5 to (j + a1).
The independent measure of the environment (z) suggested by Freeman and Perkins (1971) could probably be applied to studies of competition if z is defined as a degree of crowding, proportion of other genotypes in a mixture, etc.
EXPERIMENTAL RESULTS
Relevant details of the ten experiments are given in table 2, while the results of separate ponds and mixed ponds are summarised, respectively, in tables 3 and 4. Full details of experiments 1 to 9 were given by Wohlfarth In experiments 6 to 10 large ponds were used for the mixed stocking. These ponds were stocked with several groups of carp in addition to the pair dealt with here. The "number of fish " recorded in the table is an average per group of the two pertinent groups.
When large variation existed, two values were recorded to cover the whole range of variation. The mixed ponds irs these experiments were each stocked on the same day but emptied on different days. The two values for " duration of the tests" cover the whole range.
t In experiments 7 and 9, the unit of the "separate stocking" (E5) was half a pond of 400 m5 divided by wire netting, (1971). The difference in separate ponds between the two tested groups of each experiment was designated d1, and their difference in mixed ponds d2. Thus, d1=(A1-B1) and d2=(A2-B2). environmental variation associated with the estimates of the genetic parameters. 41 is the variance between the means of separate ponds stocked with the same genetic group, and 42 is the variance between the deviations of the same group around the means of the mixed ponds. The group with the higher weight gain in separate ponds was designated A while the group with the lower weight gain was designated B. Thus, by definition, all the d1 values (tables 3 and 5) were positive. All ten d2 values were also found to be positive (tables 4 and 5) showing that the rankings of the A and B groups were identical in the separate and mixed ponds of all the ten experiments. It can be shown that the phenotypic correlation between weight gain in separate and mixed ponds is equal to the coefficient of correlation of d1 and d2(rd,d2),
Ed1d2
-__________ (15) (see equations 1 3A, 14A and I 5A in the appendix).
The estimates of this parameter obtained from the observed results and results corrected for absolute weights were very high, O92 and 091 respectively (rd1d2, table 6). This means that over 80 per cent (r2 = the coefficient of determination) of the between-group variations in mixed ponds can be -338 -260 aggressiveness * The estimates in the columns headed by 1 and 2 were computed, respectively, from results not corrected for absolute weight and results corrected for an absolute weight of 500 g.
accounted for by variation in separate ponds. The residual variation in mixed ponds which is independent of variation in separate ponds is relatively small and could be due to experimental errors, or specific factors operating under one set of conditions but not the other (genotype-environment interactions). Thus, the very high value of the above correlation coefficient indicates that the second factor, composed of specific genotype-environment interactions is small or absent.
The estimate of the coefficient of regression of d2 on d1 was 15 (7d,d2/adi, table 6). Its excess value over one indicated magnification of inter-group differences in mixed ponds, i.e. one unit difference in separate ponds increased to 15 units when the groups were co-stocked into the same mixed ponds.
The experimental results (tables 3, 4, and 5), analysed by the methods derived from the appendix, yielded estimates of the various phenotypic and genetic parameters. These estimates (table 6) constitute a summary of the results of the whole set of ten experiments. The following results are of particular interest:
(i) The inter-group genetic variance of growth rate in separate ponds (o,) under conditions prevailing in the tests was around 500 g2, while the inter-group genetic variance of growth rate of the same groups in mixed ponds (a2) was almost four times as high.
(ii) The estimate of the genetic correlation of growth rate in mixed and in separate ponds was one.
(iii) The estimate of the regression coefficient of growth rate in mixed ponds on growth rate in separate ponds was two, i.e. the value of the amplification factor GC was one.
(iv) The estimate of the variance component of the independent aggressiveness (üI) was negative. It is assumed that the true value of this parameter is zero and that the negative value of the estimate was due to sampling and measurement " errors The biological interpretation of these results is that in each experiment the genetic group with the faster growth rate in separate ponds was more competitive in mixed ponds and therefore its relative growth rate was even higher in the presence of inter-group competition. This result fits our earlier findings that under competition larger carp grow faster through repression of smaller carp (Wohlfarth and Moav, 1972) . They are also in agreement with Magnuson's (1962) observation that in the small Cyprinodont fish" Golden medaka" (Orysiac latipes) larger fish were dominant, grew faster and suppressed the growth of smaller fish when food supply was not abundant. Similar results were also reported by Greenberg (1947) in Sunfish and by Rose (1959 Rose ( , 1960 in guppies and in tadpoles.
The negative value of o indicates that competitiveness independent of growth capacity in separate ponds (yield capacity) was absent.
Discussion
Three genetic parameters determine the genotype's performance (relative growth rate) under competition. These are, following equation 1, and I, or following equation 9, g5, y. and i. g is yield capacity, c is a population parameter determining the magnitude of the amplification by competition of inter-genotype differences and I is a measure of the only "true" interaction between the genotype and the environment; "true" in the sense that it is caused by specific adaptation. I is unpredictable, and is the only factor that reduces the value of the product-moment correlation coefficient below unity (Dickerson, 1962) .
Many reports described experiments where different plant varieties or species were compared in pure stands and in mixtures. Some experiments were also conducted with insects, e.g. Drosophila (Ayala, 1969; Futuyma, 1970; Lewontin and Matsuo, 1963) and Tribolium (Park, 1954; Park et al., 1964; Dawson, 1967) . The many pure-stand versus mixed planting experiments in plants provided ample evidence for competition which is determined by amplification (ocg1) of differences in yield ability (g1). But, at the same time, almost every experiment also provided evidence for independent aggressiveness (I of equation 1, or I' of equations 8, 9, 10 and 13) reducing, sometimes drastically, the correlation between growth rate under competition and performance in pure-stands (Christian and Gray, 1941; Suneson, 1949; Sakai, 1955 Sakai, , 1965 Roy, 1960; Allard, 1961; Harper, 1961 Harper, , 1964 Jensen and Federer, 1965; Sammeta and Levins, 1970; Norrington-Davies, 1972; and others) . The lack of correlation was sufficiently persistent and impressive to produce comments such as (Sakai, 1965) : "That such characters as vigor, propagative capacity or fitness in pure-stand are not correlated with competitive ability is worthy of notice. Thus, the genotype, which is strong in competition but poor in fitness by itself could predominate in a population at the expense of another which is high in fitness but weak in competition." Translated into the present terminology this statement declares that independent aggressiveness (I) may be a more important contributor to the individual reproductive fitness than efficiency (g1), therefore natural, or artificial selection, may increase I values at the expense of g1 and this may result in reduced overall fitness of the population. The basic weakness of the above reasoning is that it overlooks the optimal solution of improving competitiveness by amplification (ag1) rather than through increased independent aggressiveness (I). Sakai (1965) suggested that in a natural population the simultaneous selection for competitive ability and for efficiency (which he calls fitness) should result in a genetic equilibrium, since the two characters are uncorrelated.
This conclusion leads to the expectation that competitive ability should have a large genetic variance and a high heritability. However, this view is contrary to that of other workers such as Mather (1961) , who claimed that a low heritability for competitive ability is to be expected for any species which has undergone selection and adjustment in nature or in cultivation.
In our opinion a durable simultaneous selection for competitiveness and efficiency of utilising external resources should result in an increased correlation rather than equilibrium between the two characters. That is, the two characters should be under a single genetic control and this could be achieved by increasing g1 and and eliminating I (equation 1). The experiments described in this article provide empirical data on the correlation between growth rate of genetically diverse groups of carp in the presence and in the absence of inter-group competition. The results show a complete absence of competitiveness of the independent aggressiveness type (o1 <0, table 6). This is compatible with the hypothesis that a single genetic control determines growth rate in the presence and absence of competition, and that competitiveness and its consequent effect on the variance of weight gain can be completely explained by variability in the weight of the fish (Wohlfarth and Moav, 1972) . In other words, competitive ability independent of yield capacity, or of efficiency of exploiting external resources, is absent. However, competition does exist. It inflates the variance in mixed stocking through amplification of the genetic variability of yield capacity and it is expressed by the regression coefficient /9, (equation 5) having a value higher than one (table 6). This amplification could be caused by direct competition for food, " space ", "growth factors" or " environmental inputs ", when the larger fish have an advantage over the smaller ones and they consume more than their " fair" share (de Wit, 1960; Harper, 1964) .
It could also be caused by social interaction (Allee et al., 1948; Magnuson, 1962) or through excretion of growth inhibiting substances by the fastergrowing individuals. Thus, Richards (1958) and Rose (1960) showed that in tadpoles accumulation of excreted substances caused growth inhibition, and that these water-borne inhibitors had a greater influence on smaller members of the population and resulted in a considerable increase in the variance of size (growth depensation).
Since the present results showed a complete correlation between competitive ability and yield capacity, they appear to be at variance with the results of many of the plant experiments mentioned above. This apparent difference could be due to real differences in the organisms under study, (cereals or legumes compared to carp), but it could also be due to a basic difference in the sampling of genotypes. Most of the competition experiments with plants were conducted with cultivated varieties developed in different locations and in response to varying requirements. This procedure is basically different from testing segregating genotypes of a single population that underwent natural selection and adjustment for many generations. In the latter case intra-population competitive ability is an integral major component of fitness and natural selection would be expected to increase its correlation with yield capacity (as described earlier). In the former case long-standing separate varieties, races or species are brought into competition by the experimenter. Inter-variety competition has then never been subjected to selection and its association with other fitness characters should be, to a large extent, coincidental and unpredictable. Hence, it is unjustified to extrapolate from inter-varietal differences to intra-population variability.
In the present experiment, assuming that the tested genotypes constituted a random sample of the population and that all the tested groups had the same intra-group genetic relationship, i.e. Full-sibs, then the inter-group genetic variance in this study should be half that of the population as a whole. Therefore, a rough estimate of the genetic variance in yield capacity, as well as, the coefficient of genetic determination of growth rate in a heterogeneous carp population, may be obtained from these results.
The genetic variance of growth rate in separate ponds for the entire population was 2o1 = 1000 g2 (table 6) . Hence, one genetic standarddeviation in growth rate in separate ponds is 33 g, or 6-7 per cent of the mean final weight (500 g). Since weight gain in separate ponds is equivalent to yield capacity, a shift of one genetic SD should result in a 6-7 per cent change in yield.
Under the same assumptions the total genetic variance of carp of average weight of 500 g located in a single pond, under the general conditions of the present study, is roughly equal to twice the inter-group genetic variance in mixed ponds (2), i.e. 3000 to 4000 g2. Since the total phenotypic variance of carp of this average weight and under the environmental conditions prevailing in the present experiments, is approximately 10,000 g2, it appears that the total genetic determination of the phenotypic variance is of the order of 30 to 40 per cent. It may be noted that most of the genetic variance in growth rate of carp was shown to be of the non-additive kind Wohlfarth, 1966, 1973) .
The above results and conclusions have direct applications to fish breeding. They imply that selection of individuals or groups for improving yield capacity may be carried out in mixed ponds. This is a very convenient feature because considerably higher selection intensities may be obtained when the units under selection are located within a single pond. For individual (mass) selection many thousands of fish can be grown in a single pond and therefore selection intensities can be very high. The alternative of growing each individual in a separate container not only requires a prohibitively large number of containers, it also compounds the container and genetic effects and introduces possible complications of genotype-environment interactions. Similarly group selection may be carried out in mixed ponds. We test each year 15-30 groups of carp for differences in growth rate in no more than five replicated mixed ponds (Wohlfarth and Moav, 1966 ). An equally powerful test in separate ponds would require hundreds of ponds.
In mixed ponds the absence of compounding of genetic differences with pond differences plus the magnification of the inter-group differences due to competition makes the detection of relatively small differences between the groups much easier than in separate ponds. Another advantage of mixed ponds is that they do not have to be located in the same place or treated similarly.
example, McGilchrist and Trenbath (1971) and Norrington-Davies (1972) .
The specific complications that these methods had to overcome were: correlations between observations within groups, scale effects, unequal structure and magnitude of" Error "variances, larger number of parameters than independent estimates and biologically meaningful partitioning of interaction terms (as described earlier in this report). None of the reported procedures was applicable to the present results. This was due to a combination of several factors, primary among them were an unsatisfactory partitioning of the genotype-environment interaction and differences in experimental lay-outs.
Following are details of two suggested procedures of analysis based on the models of equations 2 and 9. The first procedure is applicable to experiments testing three or more different groups (genotypes) simultaneously. It combines an Analysis of Variance (ANOVA) for separate (pure-stand) ponds, an ANOVA for mixed ponds and estimation of the covariation of the group means of the two stocking methods. The second procedure, which was employed for analysing the present experiments, is applicable to a series of separate tests each invo1vng two groups only. The two procedures overcome the bothersome complication of different "Error" variances of separate and mixed stockings and provide legitimate estimates for the variances of the two competition factors, the amplification (c*g1) and independent aggressiveness (I) of equation 1. 
ESTIMATION OF THE GENETIC PARAMETERS WHEN MORE THAN TWO GROUPS
When p = grand mean over the two stocking methods (environments), = the "environment" effect, or the deviation of the mean of the ith stocking method from ji, g5 = the average group effect, or deviation of the jth group from its mean over the two environments, (ga) = the genotype-environment interaction, Cilk = the "common-environment" effect of the kth sample (in Separate ponds it includes the "pond effect ") and, ellkfl = the "individual fish" effect. Note that equation IA is equal to equation 7 of the text with the addition of the general mean and the two "Error" terms c and e.
In the present study (JL + a) is of no interest, also the unit of measurement is not an individual fish but the mean of all the fish of the /cth sample. 
This describes a simple case of one-way ANOVA (randomised plot design) where an individual observation is the mean of a separate pond. Table 1A shows the two relevant Mean-Squares (MS) of the ANOVA and their Between groups
( Yl) -
= K1o1+o1
Between ponds J(K,-1)
M&edponds(i=2)
Between groups Also, a2 =MSE,.
Analysis of the covariation between the two stocking methods (environments)
The mean performances of the jth group in Environments 1 and 2 are, respectively (following equations 3A and 5A, and equation 1 Substitution of estimates for the factors on the right side of this equation provides an estimate for a.
ESTIMATION OF THE GENETIC PARAMETERS WHEN ONLY A SINGLE PAIR OF GROUPS (GENorYPEs) IS TESTED IN EACH ONE OF A SERIES OF SEVERAL EXPERIMENTS
Frequently, shortage of facilities does not permit the testing of more than one pair of groups in a single experiment, but several (M) experiments may be performed consecutively. This was the case in the present study. Under these circumstances, I = 2 (environments, stocking methods) and also J = 2 (tested groups in a single experiment).
The differences in the mth experiment, between the average performances of the pair of tested groups in separate ponds (dmj) and mixed ponds (dmi) are, respectively (following equation 7A and 8A), dmi = (Y,1•Y,,)(gm11gmj2)+(EmjjEm12) (1QA) and dm2 = (lrm2l. The M experiments provide a series of M pairs (dmi, dm,) whose variances and covariances can be estimated directly from the experimental results. 
Note that because of the assignment of Y1 > Y2 the above estimates can not be of the general form = ((d1 -d1 )(d2 -d2 )/(m -1)).
The mean variance between separate ponds of the same group (over all the experiments) may serve as an estimate for o. 
SE1)
Finally, substitution of the estimates of equations 1 8A, 1 9A and 22A on the right side of equation 9A provides an estimate for cry.
